We report preliminary evidence of shear-induced alignment of polyisoprene adsorbed from Ccl, solution on to a single solid surface. The experimental technique was Fourier transform infrared spectroscopy, in the mode of attenuated total reflection. The selective augmentation of vibrational modes oriented preferentially along the chain backbone implied chain orientation in the direction of flow. This occurred at low shear rates (about 1 s-r). The extent of orientation increased with increasing molecular weight, and did not depend on shear rate within the narrow range (0.4-1.6 s-') available to us. After cessation of flow, relaxation toward the conformation in the quiescent state was slow.
The majority of the analysis of polymer adsorption has focused on quiescent systems [l-4]: adsorption from a static solution.
Despite its obvious utility as a model system, we believe the quiescent state to be a special case in both nature and technology. Polymer adsorption in the presence of a flow field occurs in such applications as biocompatibility, filtration, enhanced oil recovery, viscometry, lubrication, wastewater treatment, and manufacture of materials. In order to understand fully the surface and rheological properties of polymer layers in these situations, it is essential to understand the parameters that affect conformational changes near the surface.
Previous experimental investigations of flowinduced deformation have employed either ellipsometry [S-S] or hydrodynamic flow [S-12] In this paper, we describe preliminary spectroscopic evidence of alignment of adsorbed polyisoprene in the presence of a shear field. Infrared spectroscopy in the mode of attenuated total reflection (ATR) was employed to measure adsorption onto a native oxide surface. The cylindrical ATR prism used was Amtir, an alloy of germanium, arsenic and selenium. To infer orientational information from the spectra, two sets of vibrational modes were monitored. In the region of carbon-hydrogen stretching modes (approximately 2930 cm-'; region l), no change in the integrated intensity with flow was found (see below). Although changes with flow of subpeaks were qualitatively evident from inspection of the spectra. the peaks overlapped too extensively to permit reliable separation.
We surmise that the integrated intensity of the component modes had no net orientation with respect to the chain backbone [ 171. However, the region of bending, twisting and wagging modes (around 1370 cm-'; region 2) complements the stretching modes, but with a significant component of the net dipole transition moment parallel to the chain In Fig. 1 , the integrated intensities of the vibrations in regions 1 and 2 are plotted as a function of time for PI (molecular weight M = 60000). Each experiment began with a stagnation period, in this case 6 h, to allow for the slow conformational equilibration that was observed in our earlier work 1221. A shear flow of 1 s-' was initiated after the stagnation period, and continued for several hours. At this point, the peaks in region 2 began a dramatic augmentation in intensity. Meanwhile, peaks in region 1 kept roughly the same intensity. Control experiments, in which pure Ccl, (rather than polymer solution) flowed past the adsorbed layer, gave similar findings. showing that the augmentation of peak intensity in region 2 did not reflect additional mass adsorbed.
Our tentative interpretation of the changes in oscillator strength is simple. As the flow field was introduced the dipole transition moments of the This interpretation is supported by the data presented in Fig. 2 , where we have plotted the oscillator strength in region 2 versus elapsed time for PI samples of four different molecular weights. These experiments suggest a systematic increase in susceptibility to orientation with increasing molecular weight. Similar trends were described by Lee and Fuller [ 61 and Chin and Hoagland [ 81, whose measurements of the effective hydrodynamic thickness indicated a greater decrease of thickness with increasing molecular weight.
Consider the later stages of the experiment depicted in Fig. 1 . After an elapsed time of 19 h, the flow of solution past the adsorbed layer was halted. The intention was to observe the relaxation as the chains in the layer found their way back to the conformation in the unperturbed quiescent state. Although relaxation data in this regime showed poor quantitative reproducibility, the same trend was also observed in similar experiments with poly(methy1 methacrylate) (PMMA). It is evident that relaxation after cessation of flow was very slow, far slower than the rate of orientation when flow was first initiated. This suggests some form of surface attachment or confinement of oriented segments, possibly associated with formation of additional trains at the solid surface, which impeded later relaxation. The final experimental result worth mentioning here is presented in Fig. 3 , where we have again plotted integrated intensity versus elapsed time. After the stagnation period, the shear rate was incrementally increased, every hour, from 0.4 to 1.6 s '. Within this narrow range no dependence on shear rate was observed. It appears that over the range of shear rates studied, some maximum amount of potential alignment was reached at a low shear rate.
The magnitude of oscillator augmentation described here raises questions about the conformation in the quiescent state. If initially the segments were oriented isotropically, the augmentation could be no more than threefold 1231, which implies considerable segmental orientation of adsorbed polymers even in the quiescent state. Such orientation during adsorption in the quies- However, a present limitation of the experiment is the poorly characterized polarization of the electric field [23] at the surface of the cylindrical ATR crystal used in this study. While these uncertainties preclude a quantitative interpretation of the extent of segmental orientation at this point, we have also obtained qualitatively similar results in experiments using PMMA. We believe that the trends described above are clear and convincing.
